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Abstract 
The paper first reviews the perceived trends and likely developments in 
particle accelerator applications. The impact on the power converters that 
will be needed is then examined in closer detail and areas of development 
that can be expected or which will improve the accelerators’ performances 
are reviewed. Other lecturers were asked to contribute their thoughts on 
likely developments in their areas of specialization; where such 
contributions are used in this paper, due acknowledgement is made. The 
presentation was prepared in early 2004 and only material on new projects 
that was publicly available at that time was included. These details have now 
been incorporated in the text below, which is written in early 2005. During 
the intervening period, some projects featured in the presentation have 
changed in technical detail or political support; these changes are not 
reflected in the text. 
1 Introduction 
It is notoriously difficult to predict technical or scientific developments over more than a few years, 
and many experts in the past have made statements that, with hindsight, are now perceived to be 
ludicrous. There was the British Royal Astronomer who said that ‘space travel is twaddle’ or the 
Mayor of New York who, on inaugurating the first telephone hand-set in City Hall, predicted that ‘the 
time will come when there is one of these pieces of apparatus in every city in USA’. It is therefore 
with some trepidation that this exercise, to present the ‘Future Challenges’ for power converters in 
particle accelerators, is undertaken. 
To try to put the exercise on a firmer footing, the developments in the uses of particle 
accelerators for various applications have been used as a guide. The paper commences with a short 
review of the general applications of accelerators in the present day, selecting five broad areas of 
application which cover a very wide range of size and cost. This is followed by a more detailed 
presentation of examples of projects from these areas, that are either already funded or which are 
being debated as viable national or international developments. These are divided into the following 
major areas: 
– accelerators for high-energy physics; 
– accelerators for spallation neutron sources; 
– synchrotron radiation sources; 
– accelerators for medical use. 
The second part of the paper will then deal with the resulting demands on power converters: 
– converters for cycling accelerators; 
– developments in power devices; 
– converter stability and accuracy; 
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– speed of response; 
– digital control systems; 
– reliability; 
– environmental issues. 
2 Accelerator applications 
2.1 The ‘Accelerator Triangle’ 
A rough overview of the scale and range of accelerator applications and demands, in the near to 
medium future, can be obtained by considering the ‘accelerator triangle’, as shown in Fig 1. In this 
idealized model, the number of facilities and size of the user community is represented by the 
horizontal width of the various layers, whilst size, cost, and (debatably) energy is represented by 















Fig. 1: The ‘Accelerator Triangle’ representing the range of use, the number of accelerators and 
users, and the size and cost of the facilities 
2.1.1 Particle physics 
Particle physics is placed at the apex of the triangle, as this is expected to continue to be the most 
technically demanding use, requiring the largest and most expensive facilities. These are likely to be 
multi-TeV hadron or lepton colliders, or high-intensity, highly specialized projects for the study of 
‘difficult’ particles, such as neutrinos. As a consequence of the very high capital and running expense, 
only a small number of installations will be funded. As at present, these will either be national 
facilities of the world’s richest nations, or multi-national projects funded from whole continents. It is 
likely that the ‘ultimate’ project, of a high-energy-physics accelerator complex that can only be 
funded on a global scale, will come to fruition within the next 20 years. 
2.1.2 Nucelar physics and materials science 
The next two layers down, ‘nuclear physics’ and ‘materials science sources’ will be of similar size and 
nature — medium energy (multi-GeV), probably high-intensity sources of protons or heavy ions for 
nuclear physics, or neutrons (generated by spallation from proton beams) or synchrotron radiation 
beams for materials investigations, which will encompass atomic and molecular science. Such sources 
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already exist worldwide, with the largest or most affluent nations each supporting one or more such 
facilities and countries with smaller economies (including a number of developing nations) now 
showing significant interest or actively planning to fund such a project. This trend is expected to 
increase in the next ten years, with smaller nations realizing both the academic and economic value of 
investing in such sources, for the ‘materials science’ facilities can have significant value in the area of 
industrial R&D, and hence overlap with the next category. 
2.1.3 Industrial use 
Accelerators are currently used in industry to generate X-rays or neutrons for a wide variety of 
applications. These are smaller, lower energy facilities and within the economic reach of individual 
large industrial installations or industrial consortia. Examples of the use of neutrons are given by 
Chichester and Simpson (http://www.aip.org/tip/INPHFA/vol-9/iss-6/p22.html) who present the data 
shown in Table 1. 
Table 1: Some areas of the use of neutron beams for industrial applications 
 
There is also significant use of X-rays for material and product testing in specialized 
applications. In some cases the units need to be small, compact, portable and highly robust to meet 
‘field’ standards of durability. Over the last decade there have been proposals for more exotic 
applications such as the use of intense synchrotron radiation beams to anneal polymers and for 
lithography in the microchip industry. However, to date, little or no use has been made of such beams 
for production. 
In would be expected that this use by industry would further blossom over the next decade and 
that much more extensive use of ionizing particle beams will be made for industrial purposes in the 
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future. The use of accelerators by industry should therefore grow substantially in the future and it is 
possible that these application will outstrip the medical facilities discussed below. 
2.1.4 Health 
The lowest layer represents the use of accelerators in the health care sector — for both diagnostics and 
treatment. Currently this sector uses linacs and other relatively low-energy sources, such as 
cyclotrons, for generating X-rays, creating radioisotopes and providing proton and ion beams for 
therapy. This last application is in its infancy and there is much discussion on the benefits of using 
higher energy hadron beams to irradiate deep-seated tumours. Details of one  such facility are 
presented below. 
Without detailed statistics to hand, it is possible that this sector does not currently represent the 
most extensive use of accelerators but there is a very great potential for a considerable expansion in 
this area, to meet the needs of diagnosis and therapy across the world population in the future. It could 
be expected that, as the understanding of the value of hadron therapy grows amongst the general 
public, there will be a growing demand for sufficient installations to be funded by national 
governments to meet the needs of their population. If, then, high-energy hadron therapy becomes 
established, installations will use accelerators of higher energy and correspondingly greater cost. 
3 Possible future projects 
3.1 Particle physics 
The ‘giant’ accelerators of the last two decades — the LHC, the Tevatron and LEP ( now dismantled 
to make way for the LHC) — are probably the highest energy circular accelerators to be built for 
high-energy physics. At ultra-relativistic energies (Ekinetic >> m0c2), charged particles with curved 
trajectories in a magnetic field B radiate excess synchrotron radiation: 
     Esr ∝ B2 Ekinetic2 ; 
Whilst some specialist projects (neutrino factories for example) may still use large proton 
synchrotrons for acceleration and damping rings for decreasing beam emittances, the future ‘cutting 
edge’ HEP accelerators will be of such high energy that the synchrotron radiation loss in a circular 
machine will be unsustainable. Hence the future largest machines will be colliders, using linear 
accelerators to produce the primary beams. 
A single International Linear Collider (ILC) is planned and work is underway on three possible 
candidates: 
– TESLA (at DESY); 
– NLC/GLC (Stanford/KEK); 
– CLIC (CERN). 
The ILC will be 
– 0.5–1.0 TeV electron/positron linear collider; 
– of the order of 30 km in total length; 
– composed of superconducting or conventional r.f. cavities, damping rings, beam-lines and 
interaction region; 
– cost 3–4 G€. 
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3.1.1 The TESLA project 
As an example of the configuration of the future ILC, details of the present (spring 2004) concept of 
TESLA are presented. 
The possible geographic layout of the project is shown in Fig. 2. The facility would have a total 
length of 33 kilometres, with a tunnel of inner diameter of ~ 5 m, at a depth of 10–30 metres;  there 
would be seven cryogenic halls. 
The proposed layout of the facility is shown in Fig. 3. Two separate superconducting linacs 
accelerate electrons and positrons to an energy of 500 GeV before the two beams are collided in the 
central interaction region. The technology of this facility is highly demanding, with damping rings 
needed to give the ultra low beam emittances that will provide the required high luminosity at the 
collision point. 
The proposed parameters for TESLA are given in Table 2. Note the minute beam size required 
at the interaction region, calling for high-precision focusing and dynamic beam steering to stabilize 
the collision point.  
 
 




Fig. 3:Proposed layout for the TESLA collider facility 
Table 2: Parameters of the proposed TESLA project 
e–/e+ collision energy 500 GeV 
Number of 1 m long superconducting resonators 21 024 
Alignment precision of the linacs 0.5 mm 
e–/e+ beam size at interaction 40 nm 
Installed electrical load 195 MVA 
Power (normal operation) 155 MW 
Number of bunches per pulse 2820 
Number of particles per bunch 2 × 1010 
 
The challenges of this and similar projects can be summarized as 
– many (~ 103) magnets and power converters; 
– very high luminosity; 
– therefore very small beam size at intersection; 
– very high energy density in beam;  
– therefore equipment/personnel safety issues; 
– required interaction control to accuracy and stability of 40 nm; 
– magnet response time << 1 ms needed. 
3.1.2 Other high-energy-physics projects 
In addition to the very high energy ILC project, there will certainly be other possible HEP proposals 
for the immediate future, for example: 
– ‘exotic’ sources — B, μ and K mesons, etc.; 
– neutrino factories. 
These will be lower energy than the ILC but will have similar demands: 
– multiGeV fast cycling accelerators; 
– very rapid acceleration times for muon rings; 
– strong control on beam position and size; 
– high particle currents — high reliability will be essential; 
– rapid safety reactions. 
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3.2 Spallation neutron sources 
In these sources, a high-current proton accelerator bombards a uranium or other heavy metal target to 
produce a high flux of neutrons for nuclear physics and materials science. A number of such sources 
are presently operational in Europe, the USA and Japan but now there are plans to build a European 
facility (the European Spallation Source, or ESS) that will provide high-intensity beams for state-of-
the-art research. A consortium of laboratories, as shown in Fig. 4, are working on possible designs. 
 
Fig. 4: Location of collaborating laboratories working on the proposal for a future European 
Spallation Source (ESS) 
As an example, details are given of the design proposed by the Forschungszentrum Jülich 
Laboratory (FZJ). This uses a large superconducting proton linac with two separate target stations to 
produce the neutron beams. One of these stations has a pulse compressor ring to provide shorter, more 
intense neutron pulses. An artist’s impression of the proposed facility is shown in Fig 5. 
 
Fig 5: Pictorial representation of the FZJ proposal for the ESS; a superconducting proton linac is 
used to bombard two separate target stations, one with a pulse stretcher ring 
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The parameters of this proposed facility are given in Table 3.  
Table 3: Parameters of the FZJ proposal for the ESS 
Linac energy 1334 MeV 
Beam power 2 × 5 MW 
Long pulse target:  
Pulse frequency 16.66 Hz 
Neutron pulse length 2.0 ms 
Power 5 MW 
Maximum n flux 1 × 1016 cm–2s–1  
Short pulse target:  
Pulse frequency 50 Hz 
Neutron pulse length ~100 µs 
Power 5 MW 
Maximum n flux 1.3 × 1017 cm–2s–1 
 
This facility, if built, will present many engineering problems, including the high-power super-
conducting proton linac design and protection and how to dissipate the power load in each of the two 
target stations. The challenges for accelerator technology include: 
– highly accurate beam steering and focusing in the linac; 
– the stability of the pulse compressor ring; 
– highly accurate beam steering onto the targets; 
– high reliability — safety implications for both plant and personnel; 
– rapid reaction to safety commands. 
3.3 Synchrotron radiation sources 
Many synchrotron radiation (s.r.) sources, based on electron storage rings, are now operating in the 2–
6 GeV range; more are being built: 
– Australian light source; 
– Barcelona light source; 
– Soleil (France); 
– Diamond (UK). 
Figure 6 shows an aerial view of the latest stage of construction of Diamond, a typical new  
third-generation light source. The main ring, which stores a 3 GeV circulating electron beam, feeds 
high-intensity photon beams simultaneously to many experiments. The circulating electrons are 




Fig. 6: Aerial view of the layout of the 3 GeV synchrotron source, Diamond, currently under 
construction in the UK 
In addition to storage rings, future s.r. sources will make use of  free electron lasers (FELs), 
with linear accelerators  supplying the necessary relativistic electron beam. A schematic diagram of 
the prototype for the proposed ‘Fourth-Generation Light Source’ (‘4 GLS’), currently under design at 
Daresbury Laboratory, is shown in Fig. 7. 
 
Fig. 7: Diagram of the layout for the prototype of the proposed Fourth-Generation Light Source 
(4 GLS) at Daresbury Laboratory 
The development of storage rings and FELs calls for an ever-increasing achievement of: 
– greater source  ‘brilliance’ (photons/s/mm2/m rad/1% bandwidth); 
– smaller electron beam cross-section <<1 mm2; 
– highly stable e– and photon beam position (~ 50 μm); 
– independent control of beam dimensions around the lattice (control of β values). 
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3.4 Accelerators for therapy 
It is now understood that protons (up to 250 MeV from a cyclotron or small synchrotron) are very 
effective for cancer therapy. By selecting the proton energy, the Bragg radiation peak can be 
positioned at the centre of the tumour. The significant reduction in radiation damage to surrounding 
healthy tissue is demonstrated in Fig. 8, where the doses generated by photons and protons as a 
function of depth into the body are compared. 
 
Fig. 8: Dose as a function of depth for photons (green curve), monoenergetic protons (red curve) 
and integrated dose from variable energy protons (Spread Out Bragg Peak — SOBP — blue 
curve) 
It can be seen that monoenergetic protons generate a sharp peak well inside the body, giving 
much lower dose at the body surface; the position of this Bragg peak is a function of proton energy. 
To give uniform dose across a deep-seated tumour, the proton energy is varied, to give a Spread Out 
Bragg Peak (SOBP). An example of the use of this technique for patient therapy is provided by the 
Loma Linda (CA, USA) Proton Therapy Unit, see Fig. 9. 
 
Fig. 9: Diagram of the Loma Linda Therapy proton synchrotron with image and quotation from 
the former Fermilab director, Leon Lederman 
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In this facility, three of the four treatment rooms use gantries to deliver the proton beam. The 
90-ton, three-story gantries can be rotated 360 degrees, to deliver the beam at the precise angle 
prescribed by the physician. Most of the gantry is concealed by the walls and floor of the treatment 
room — the patient, lying within the gantry, only sees the front of the proton nozzle rotating prior to 
treatment. 
In addition to Loma Linda, proton therapy and research centres are now operational in many 
localities, including: 
– TRIUMF (Canada); 
– PSI (Switzerland); 
– Massachusetts General Hospital (USA); 
– Clatterbridge Centre for Oncology (UK); 
– Rinecker Proton Therapy Centre, Munich (Germany). 
“There are treatment centres in Canada, France, Germany, Japan, Russia, South Africa, 
Sweden, Switzerland, the United Kingdom, and the United States” (CERN Courier). Clearly, this is an 
expanding requirement and it would be expected that the number of such units for cancer therapy will 
grow rapidly during the next decade or so. 
Such therapy facilities have stringent technical and operational requirements: 
– full 360° control of entry angle; 
– high stability of beam position; 
– high stability of beam amplitude; 
– high stability of beam energy; 
– very high reliability, minute to minute, day to day, month to month; 
– rapid and effective control for patient safety. 
4 Resulting challenges to power converters for accelerators 
4.1 Choice of converter for cycling accelerators 
With the present state of control technology and energy storage, there are the following choices for 
converters for cycling accelerators: 
– for very large, slow cycling systems: direct connection to a rigid, high capacity supply line; 
– medium to large fast cycling systems: the White circuit, which is inflexible in waveform and 
involves high capital and operational costs; 
– small- and medium-sized systems, with medium repetition rates: capacitor energy storage with 
fast switching inverter bridges giving waveform control. 
For the very large slow cycling systems, direct connection must remain the obvious choice. 
However, there are significant rewards for abandoning the semi-obsolete White circuit and replacing it 
with a switch-mode, capacitor energy storage system for fast cycling accelerators. What is needed to 
see the capacitor/inverter system increase in VA rating and repetition rate to meet the requirements for 
these facilities and completely replace the White circuit for, say, a 3 to 6 GeV synchrotron cycling at 
50 Hz? To make this change we need: 
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– IGBT ratings of 10 kV and 2 kA average current, switching at >50 kHz; 
– low-cost energy storage capacitors rated at 10 kV peak, 2 kA and 50 Hz pulse duty; 
– modules series connected for multiple magnet cells. 
And these components need to be commercially and economically available, i.e., catalogue 
items, not ‘special developments’. 
4.2 Developments in power devices 
Continuing on the theme from above, Dr Carroll (ABB) gives details of the following problems for 
the active, high-voltage devices: 
– dynamic avalanche ruggedness (needed for reliable operation); 
– short Circuit Failure Modes (IGBT) and fault interruption (IGCT); 
– design trade-off between losses and SOA; 
– critical punch-through voltages (for controllable voltage, low EMI); 
– high d.c. link voltage (leakage stability, cosmic ray withstand); 
– large inductance and overshoot voltages in HV power systems; 
– high frequency (currently limited by losses). 
This leads Dr Carroll to give the following list of challenges for the coming decade: 
– 10 kV switches with 1 kHz snubberless operation (for the 6.9 kVrms MV line for drives and 
power conditioners); 
– snubberless series operation (static and dynamic for MV lines > 6.9 kVrms); 
– power-supply-free operation (autogenous power supply for series connection); 
– system cost-reduction (e.g., pay-back times ≈ 1 year for MV Drives); 
– reduced thermal resistance and increased TJ; 
– reduced losses. 
4.3 Converter stability and accuracy 
From the examples of new, demanding projects given in Section 3 above, a recurrent requirement is 
for beam positional stability and precise control. Today: 
– 1:104 is ‘commonplace’; 
– 1:105 is exceptional but often specified; 
– 1:106 is difficult but achievable. 
In the future will we see the following requirements: 
– 1:105 to be normal for many applications? 
– 1:106 to be frequently asked for? 
– 1:107 needed for the most demanding facilities? 
These levels should be possible for stability and repeatability but may be difficult to achieve for 
accuracy. Notwithstanding, we should expect the increasing need for such enhanced accuracies, as the 
nature and use of facilities expands. 
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4.4 Speed of response 
Greater stability, as discussed in Section 4.3 above, calls for increased servo bandwidth and faster 
level response. Furthermore, very fast response was identified as a strong requirement in the projects 
presented in Section 3; for example, a magnet response in times very much less than 1 ms was 
demanded for correct operation of the linear collider. Response requirements for safety and control 
purposes can be itemized: 
– fast response in level control — for ultra precise beam steering and handling in colliders, 
spallation sources, etc. — band-widths in excess of 100 kHz and approaching 1 MHz; 
– fast switch-off to protect equipment — e.g., klystrons and other high-voltage devices and 
intense beams in synchrotron sources etc. — switch-off times of the order of 5 μs or less, with 
all energy in the converter dissipated in that time and not delivered to the load; 
– fast switch-off to protect personnel — e.g., in therapy units and other intense radiation sources. 
These response times cannot be achieved using conventional rectifier equipment with 
smoothing filters on the output. Switch-mode systems can provide solutions to these demands, making 
use of the improvements in solid state devices outlined in Section 4.2 above. However, the ongoing 
improvement will represent continual challenges to power converter and control engineers and will 
also result in a call for increased speed in power semiconductors and their associated control circuitry. 
4.5 Digital control systems 
Mr S.A. Griffiths (CCLRC Daresbury Laboratory) makes a strong differentiation between the existing 
state-of-the-art and the future use of digital systems in the text contributed below. 
The specified output stability of commercially available power converters has always, until 
recent developments, been achieved through conventional analog control circuitry. Stabilization using 
analog control technology is now well understood and extensively developed. The basic structure of a 






























Fig. 10: Schematic of standard analog control circuitry 
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Noise must be considered as one of the most important sources of error in high-precision 
applications. In addition to the environmental noise, the various noise sources inside the power 
converter can be some of the worst to counteract.  Noise is generally defined as an unwanted AC 
signal superimposed on the wanted signal and is caused by such things as 
– mains frequencies (50Hz) and higher harmonics; 
– commutation of power switches, IGBT, MOSFETS; 
– auxiliary switching power supplies; 
– digital circuits, microprocessors, buses, etc.; 
– spark generators, such as relays, circuit breakers, etc. 
If a digital DCCT could be designed with the same speed and accuracy as the analog equivalent, 
then an adaptive digital control loop and elimination of the DAC would be possible. This would 
provide far greater flexibility in the control circuitry and overcome many of the above problems. 
A typical digital control circuit is shown in Fig. 11; the intelligent processor has now become 
an integral part of the power converter’s control system. The major difference between these and 
existing systems is that the resolution now depends on the ADC associated with the output transducer 
and not the DAC which provided the analog reference. 
Such an arrangement has many advantages over the older hybrid systems: 
– fully programmable loop gain and phase parameters; 
– faster response; 
– less affected by noise and pick-up; 
– therefore greater stability; 
– therefore higher accuracy; 
– greater reliability. 
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Fig. 11: Fully digitized servo control and monitoring system 
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Summarizing the present situation concerning digital systems: 
– still developing, but is the technology of the future; 
– limited commercial availability, competition between companies low, possible cost 
implications; 
– adaptive state controller, allowing software changes to optimize control parameters during 
commissioning; 
– major and minor changes to the control system can be made in software; no redesign required; 
– diagnostics available to PC with full dataset; 
– communication system is an integral part of the controller. 
These control systems are essential if the improvements in stability, accuracy and speed of 
response, outlined in Sections 4.3 and 4.4, above, are to become a reality. Manufacturers are currently 
developing such systems and purchasing officers should encourage this trend, seeking to purchase 
fully digitized systems whenever possible. 
4.6 System reliability 
There is an ongoing quest for greater and greater reliability in accelerator systems. With the expansion 
of accelerator facilities in areas other than research, such as therapy and industrial and commercial 
applications, as highlighted in Section 3, there will be increasing demand for 
– efficiency to meet schedule >> 90%; 
– operational predictability on a daily, weekly and monthly basis. 
Operational experience indicates that the power converters are seldom the main source of 
unreliability in accelerators, but they are part of the overall system and must perform with mean times 
to failure much in excess of the accepted facility downtime; in this way they will make negligible 
contribution to the efficiency loss. Additionally, there is a school of thought in the accelerator and 
user community (not held by power converter engineers!) which says that the converters are ‘fairly 
conventional pieces of electrical engineering’ and they therefore should provide highly reliable 
performance. 
Obvious strategies for maintaining or improving reliability are 
– increase component mean time to failure; 
– underrate components or whole systems; 
– utilize uninterruptible power supplies (UPSs) for auxiliaries. 
Depending on budget and the critical nature of the accelerator application, more radical 
solutions could also be considered: 
– introduce redundancy of vital modules (rectifiers/choppers/controls); 
– automatic ‘hot’ switching between modules; 
– ‘hot’ maintenance/repair; 
– use UPSs for the main power source. 
Such strategies are now being adopted; manufacturers are introducing redundancy into auxiliary 
and, in some cases, power circuitry and one major facility (the ESRF, Grenoble), as a result of supply 
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authority tariff inducements, now has installed sufficient UPS capacity to allow the power converters 
to maintain the excitation of the main magnets during mains-dips and even unannounced total supply 
loss. 
4.7 Environmental issues 
4.7.1 The power budget 
There is increased environmental pressure on organizations, commercial companies and private 
individuals to reduce their power consumption. Many authorities now accept global warming as a 
genuine phenomena and the drive for greater power efficiency is therefore likely to grow stronger in 
the future. Accelerator laboratories must be prepared not only to demonstrate that they are being 
power efficient but, as creators and users of high technology, could be expected to set standards for 
others to follow. 
Possible ways of substantially reducing a facility’s power consumption include: 
– substantially reduce the current density in magnets; 
– improve converter power efficiency; 
– recycle ‘waste’ power into heating systems. 
Such solutions bring further problems. The low current density magnets will be significantly 
larger and have higher capital cost. Power converters now usually operate with over 90% power 
efficiency, so further improvements will only bring marginal benefits. 
The use of the ‘waste’ power from the magnet cooling system presents an attractive possibility, 
as the power dissipated by a typical bending magnet string would be sufficient to heat a moderate-
sized building. However, the heat is extracted at relatively low temperature from the magnets and is 
therefore ‘low-grade’ heat. A practical system would therefore need to use some form of heat-pump to 
raise the water temperature to a value that is useful in central heating or domestic hot water systems. 
4.7.2 Electromagnetic noise 
Increased sensitivity and speed of experimental detectors will place further stringent limits on the 
level of e.m. noise that is acceptable within the laboratory environment and power converter engineers 
must expect to be pressed to take steps to further reduce noise, both radiated and passed back into the 
supply line. 
With respect to e.m. noise, Alain Charoy posed the following questions: 
– expertise: how can we manage and limit EMC risks before a machine fires up? 
– co-ordination: how do we avoid as many EMC policies as physical experiments? 
– anticipation: how do we plan for EMC fixes in a ‘dirty’ machine? 
With no definitive answers to these questions identified during the School, it is clear that e.m. 
noise will be a significant challenge for the future. 
5 Conclusion 
It is apparent that, in the future, there will be many more accelerator systems with much wider 
applications. These will cover not just academic research but be involved in wealth creation and 
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improving the quality of life on an international scale. As engineers and scientists working with 
particle accelerators, we are privileged to be able to contribute to these goals. 
Power converter engineers will experience: 
– more complexity; 
– more challenges; 
– more work; 
– more professional commitment; 
– greater contribution to society. 
The future promises an exciting and fascinating career for the next generation of accelerator 
scientists and engineers. 
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